Hantaviruses are enveloped RNA viruses that belong to the family Bunyaviridae. They are the causative agents of hemorrhagic fever with renal syndrome (HFRS) and hantavirus pulmonary syndrome (HPS). Hantaviruses show a worldwide distribution with specific rodent species as natural hosts. It is known that rodents can transmit the virus via feces, urine, saliva, or bites to humans. Additionally, antibodies against different hantaviruses were also found in domestic animals, For example, Danes et al. documented hantavirus-specific IgG titers in 2% of examined cattle [Ceskoslov. Epidemiol. Mikrobiol. Imunol. 41 (1992) 15].
Introduction
Although the clinical picture of hemorrhagic fever caused by hantaviruses has been described since at least 80 years, the first hantavirus has not been isolated until 1978 by Lee et al. (1978) from lung tissue of the striped field mouse Apodemus agrarius.
Hantaviruses are enveloped RNA viruses that belong to the family Bunyaviridae (Schmaljohn and Dalrymple, 1983) . They possess a single-stranded, negative-sensed RNA genome that consists of three segments [small (S), medium (M), large (L)] that are coding for the nucleocapsid protein (N), two envelope glycoproteins (G1, G2), and the viral RNA-dependent RNA polymerase, respectively (Tidona and Darai, 2002; van Regenmortel et al., 2000) . The viral nucleocapsid protein is the most conserved one among the structural proteins and is essential for packaging of viral RNAs and encapsidation (Gött et al., 1993) . Serological studies have shown that acute phase and convalescent sera of patients with hemorrhagic fever with renal syndrome (HFRS) predominantly exhibit antibodies against the viral nucleocapsid protein (Gött et al., 1997; Zöller et al., 1989 Zöller et al., , 1993 . Neutralizing antibodies are directed during acute infection against the viral surface glycoproteins G1 and G2.
Since 1978, different hantavirus species and serotypes were isolated and characterized all around the world. Each hantavirus serotype has a special rodent species as natural host and can be spread to humans via dried and aerosolized, virus-containing urine, feces, and saliva by inhalation or even by bites (Mills and Childs, 2001) . The dominant rodent hosts in Asia, western Europe, and northern Europe are Apodemus agrarius, Clethrionomys glareolus, and Apodemus flavicollis, respectively. Field studies in rodent populations have demonstrated that seroprevalence for hantaviruses could be up to 50% depending on the population density . Analyses of phylogenetic relationships among hantaviruses suggest that hantaviruses have had a long standing coevolutionary history with their predominant rodent carriers (Schmaljohn and Hjelle, 1997) . Rodent hosts shed variable amounts of these viruses in feces, urine, and saliva over long periods. Infection in rodent hosts may persist despite the presence of neutralizing antibodies. Bite wounds inflicted during fighting appear to be a major mode of virus transmission among rodents (Williams et al., 2002) .
Until 1990, hantavirus infections were only known in the Old World. HFRS, a disease characterized by renal failure, hemorrhages, and shock, is predominantly caused by the serotypes Hantaan (HAN), Seoul (SEO), and Dobrava (DOB) virus (Avsic-Zupanc et al., 1992 Lee et al., 1978 Lee et al., , 1980 and affects more than 200 000 people each year in Europe, China, and Korea and has a lethality of 3 -7% (Lee et al., 1990) . Nephropathia epidemica (NE), a milder variant of HFRS with a lethality of 0.1 -0.2% (Mustonen et al., 1996) , is caused by the serotype Puumala virus (PUU), which is responsible for diseases in Scandinavia, Europe, and Russia (Brummer-Korvenkontio et al., 1980) .
In the last decade, many new hantavirus isolates have been identified and classified in hitherto unaffected geographic regions in the New World, particularly affecting the lungs of human patients. Hantavirus outbreaks in the United States of America at the beginning of the ninth decade of the last century changed fundamentally our knowledge about the occurrence of the hantavirus-specific clinical picture, mortality, origin, and transmission route in human (Khan et al., 1996) . The hantavirus pulmonary syndrome (HPS) that was first recognized in 1993 in the Four Corners Region of the United States is caused by the genetically different serotypes Sin Nombre virus, Black Creek Canal virus, Bayou virus, and New York virus (Hjelle et al., 1995; Morzunov et al., 1995; Nichol et al., 1993; Ravkov et al., 1995) and has a lethality of >50%. Since 1995, HPS cases also have been reported from the South American continent (Ferrer et al., 1998; Iversson et al., 1994; Levis et al., 1997; Toro et al., 1997; Weissenbacher et al., 1996; Williams et al., 1996) , and further hantavirus serotypes have been isolated, for example, Laguna Negra virus in Paraguay (Johnson et al., 1997) , Rio Marmore virus in Bolivia (Bharadwaj et al., 1997) , and Andes virus (López et al., 1997) , Oran virus, Lechiquanas virus, Pergamino virus (Levis et al., 1998) in Argentina. Infection with Andes virus in Argentina has properties that raise considerable concern.
In addition to the high lethality caused by this virus, a person-to-person transmission had been reported (Padula et al., 1998) , that normally does not occur in the course of hantavirus infections of humans.
The predominant target cells of a hantavirus infection are various endothelial cell types lining the vasculature (Kanerva et al., 1998; Temonen et al., 1993) ; however, it is not possible to detect apparent damages in hantavirusinfected endothelial cells (Green, 1998) . HFRS and HPS are characterized by altered vascular permeability and acute thrombocytopenia. As far as the HPS is concerned, acute pulmonary edema is observed (Schmaljohn and Hjelle, 1997) . For human umbilical vein endothelial cells (HUVECs) as well as human dendritic and Vero E6 cells (Raftery et al., 2002) , it was shown that the cellular entry of hantaviruses is mediated by a V h 3 -integrin that is an abundant surface receptor on various endothelial cells and thrombocytes (Cheresh, 1987; Hynes, 1992) .
Although rodents seem to be the major natural reservoir, antibodies against hantaviruses are also present in domestic animals. In a recent study in New Mexico, IgG antibody reactivity to hantavirus nucleocapsid protein was found in sera of domestic cats (2.8%) and dogs (3.5%) (Malecki et al., 1998) . Antibodies against hantaviruses were found in hares (3.5%) and in deer species (14.1%) (Danes et al., 1992) . Among 145 specimens of Bos taurus, antibodies were present in two, including one against the serotype Hantaan ( Danes et al., 1992) . These data are of particular interest, because it focuses attention on hantavirus transmission from rodents to domestic animals. Despite the presence of IgG antibodies against various hantavirus subtypes in domestic animals, it is unknown whether asymptomatic, persistent hantavirus infections exist in domestic animals bearing the risk of a possible transmission to humans. In the present study, we investigated experimentally the susceptibility and potential of endothelial cells from domestic oxen, which possess the a V h 3 -integrin receptor (Tarui et al., 2001) , to a hantavirus infection.
Results and discussion

Susceptibility of bovine aortic endothelial cell culture to a hantavirus infection
In order to investigate the susceptibility of bovine cell culture to a hantavirus infection, a bovine aortic endothelial cell (BAEC) culture and the hantavirus serotype Puumala were used. Freshly grown monolayers of BAEC cultures were infected with Hantavirus serotype Puumala strain CG18-20 by inoculating supernatants from Vero E6 cultures in which nearly 100% of cells were infected as tested by indirect immunofluorescence assay (IFA). The infected BAEC cultures and the mock-infected cells that served as negative control were incubated for 2 h at 37jC. Subse-quently, the cell cultures were washed three times with Basal Medium Eagle (BME) and refed with BME supplemented with 10% fetal calf serum, 100 IEÁml À1 penicillin G, 100 IEÁml À1 streptomycin (BME-FC-10), and incubated at 37jC in a 5% CO 2 atmosphere. The daily microscopical observation of infected BAEC cultures revealed no evidence for a cytopathic effect (CPE). After 14 days, the infected cell cultures were trypsinized and reseeded (1:3 dilution) in plastic culture flasks or plates. The growing, infected BAEC cultures at the first passage did not show any morphological alteration and developed smooth monolayers during 5-7 days post trypsinization. The infected and mock-infected cell cultures were weekly refed with BME-FC-10. The daily microscopical observation of infected BAEC cultures at the first passage was continued for 4 weeks before transferring the infected cells to the next cell culture passage. The second cell passage was carried out 6 weeks after the initial infection. The infected and mock-infected BAEC cultures were trypsinized, reseeded (1:3 dilution), incubated, and grown as described above. No significant morphological alteration was noticed during an observation period of further 4 weeks, when the hantavirus-infected and mockinfected BAEC cultures were compared to each other.
The third cell passage was carried out 10 weeks after the initial infection. The extent of viral infection and virus replication was monitored by indirect immunofluorescence assay (IFA) using rabbit monospecific antiserum raised against the recombinant nucleocapsid protein of Hantavirus serotype Puumala strain CG18-20 (Welzel et al., 1998) . Hantavirus-specific perinuclear nucleocapsid antigens were detected in 20% of Puumala-virus-infected BAEC cultures at the third cell culture passage. The percentage of infected cells grew rapidly at the fourth cell culture passage that was carried out 12 weeks after initial infection to >95% as detected by IFA. An example of results obtained by indirect IFA is shown in Fig. 1 . The established infected cell line was termed BAEC-PUU and it was found to be persistently infected with Puumala virus.
In order to confirm the aforementioned results, the experiments were repeated with Puumala virus strain Sotkamo and with the bovine aortic endothelial cell line BAECVal-L 9.2. The results of detection of nucleocapsid protein in infected cells at different cell culture passages by IFA are summarized in Table 1 . The results of the repeated experiments showed no fundamental deviations and confirmed the findings obtained when BAEC cultures were infected with Puumala virus strain CG18-20.
The infectivity of the cell-free supernatant of Puumala virus strain CG18-20-infected BAEC cultures was examined using freshly grown monolayers of BAEC cultures. The cell cultures were infected by addition of supernatants . Detection of a V h 3 -integrin by indirect immunofluorescence assay in mock-infected and Puumala virus strain CG18-20-infected BAEC culture at the fourth cell culture passage. The IFA for detection of Puumala virus nucleocapsid protein was performed using a rabbit polyclonal monospecific antibody and developed with Texas red-X conjugated anti-rabbit antibody. The IFA for detection of a V h 3 -integrin was performed using a mouse monoclonal antibody and visualized by FITC-conjugated anti-mouse antibody. The Puumala virus nucleocapsid protein (red fluorescence) was detected in typical perinuclear aggregation in about 95% of the cells of the infected BAEC culture 12 weeks after initial infection (panel e), whereas no viral nucleocapsid protein was detectable in mockinfected BAEC (panel b). The a V h 3 -integrin distribution (green fluorescence) in mock-infected and Puumala virus-infected BAEC is shown in panels (a) and (d), respectively. Panels (c) and (f) are representing a merged picture of the viral nucleocapsid protein and the a V h 3 -integrin fluorescences of mock-infected and Puumala virus strain CG18-20-infected BAEC, respectively. obtained from Puumala-virus-infected BAEC cultures at the fourth cell passage after initial virus infection in which nearly 95% of cells were infected as tested by indirect IFA. The infected cells were incubated at 37jC for 2 h, washed three times with BME, refed with BME-FC-10, and incubated at 37jC in a 5% CO 2 atmosphere. The subsequent analysis of the infected cells by IFA, immunoblotting, and PCR (see Fig. 7 ) revealed that the cell-free supernatant of Puumala-virus-infected BAEC cultures was able to infect freshly grown BAEC. This indicates that the established BAEC-PUU cell line supports a productive Puumala virus infection and sheds infectious virus particles into the cell culture medium.
Identification of hantavirus antigens and cellular markers
In order to characterize hantavirus -cell interaction in the infected BAEC cultures at the molecular level, the expression of the Puumala virus nucleocapsid protein was investigated in more detail using indirect IFA in combination with the detection of cellular markers for the cytoskeleton and a V h 3 -integrin as possible virus entry mediator. The results of these studies are shown in Figs. 2a -i and 3. The expression of Puumala virus nucleocapsid protein was detected by typical perinuclear nucleocapsid antigen aggregation in infected BAEC cultures as shown in Figs. 2a, c, d , f, g, and i.
Functional BAEC are known to display an uneven protein distribution between their apical and basolateral area, and the integrity of the cytoskeleton plays a crucial role in the specific protein distribution. Consequently, alteration of the cytoskeleton would lead to breakdown of the proper protein distribution in BAEC monolayers and would impair the proper function of the endothelial cells. For this reason, microtubules and actin filaments were analyzed by IFA. Infected cells revealed no severe alteration of the actin filaments (Figs. 2b and c) . Despite the highly productive infected BAEC, the microtubules showed no depolymerization (Figs. 2e and f) . Moreover, a cytosolic fraction of the Puumala virus nucleocapsid protein colocalizes with the microtubules as shown in Fig. 2f . The nuclei of infected cells were visualized by propidium iodide and showed no chromatin condensation (Figs. 2h and i) .
The detection of a V h 3 -integrin is shown in Fig. 3 . a V h 3 -Integrin was found predominantly in the surfaces of mockinfected and Puumala virus strain CG18-20-infected BAEC. Up to the present, it is only shown for human (HUVECs, dendritic cells) and Vero E6 cells Raftery et al., 2002 ) that a V h 3 -integrin mediates the viral entry; however, the presence of a V h 3 -integrin on BAEC gives a first hint that this surface protein could be also the viral receptor on BAEC.
Detection of Puumala virus proteins by Western blot analysis
The expression of the Puumala virus nucleocapsid protein in infected BAEC cultures was determined by standard immunoblot analysis of the BAEC-PUU cell line at the third and fourth cell culture passages as described in Materials and methods. An example of the results of this analysis is shown in Fig. 4 . The efficient expression of nucleocapsid protein of Hantavirus serotype Puumala propagated on BAEC culture was found to be stable during the examined cell culture passages. The detection of the Puumala virus glycoproteins G1 and G2 was carried out by luminescence Western blot using polyclonal monospecific rabbit antibodies raised against linear antigenic epitopes of Puumala virus glycoproteins G1 and G2 as described in Materials and methods. As shown in Fig. 5 , the Puumala-virus-specific glycoproteins G1 (70.6 kDa, Fig. 5a , lane 2) and G2 (53.8 kDa, Fig. 5b , lane 2) were identified in infected BAEC cultures at the fourth cell culture passage.
Detection of Puumala virus RNA segments by RT-PCR and nucleotide sequence analysis
The presence of the genomic RNA segments S, M, and L of Hantavirus serotype Puumala in infected BAEC cultures at the fourth cell culture passage corresponding to 12 weeks postinfection was investigated by reverse transcription polymerase chain reaction (RT-PCR). The RNA was extracted from infected cells (cellular RNA) and from cell-free supernatant of the infected cell cultures (virion RNA) as described in Materials and methods. The oligonucleotide primers that were used in this study correspond to particular regions of the Puumala virus RNA segments S, M, and L and are listed in Table 2 . The RT-PCR for detecting the genomic S RNA in cellular (Fig. 6a , lane 2) and virion RNA (Fig. 6a, lane 7) of BAEC-PUU cultures at the fourth passage resulted in amplification of a cDNA fragment of 573 bp of size. The result of RT-PCR analysis for the viral M RNA segment is shown in Fig. 6b . The amplified specific PCR products showed the expected size of 592 bp for cellular (Fig. 6b , lane 2) and virion RNA (Fig. 6b, lane 7) . Under the same conditions, cDNA of Puumala virus genomic L RNA of 489 bp was amplified by RT-PCR using cellular RNA (Fig. 6c , lane 2) and virion RNA (Fig. 6c, lane 7) . The results of these studies are summarized in Table 2 .
To exclude an eventual DNA contamination in the RNA preparation, a control PCR reaction without the reverse transcription step was performed, and as expected, no specific amplimers were identified as shown in lanes 5 and 10 of Figs. 6a-c. Additional control experiments were performed by treatment of the RNA preparations with RNase (lanes 3 and 8 of Figs. 6a -c) or with DNase (lanes 4 and 9 of Figs. 6a -c) before RT-PCR reaction. The specificity of the PCR product was confirmed by DNA nucleotide sequence analysis. The DNA nucleotide identity of the amplified cDNA fragments in comparison to the original Puumala virus nucleotide sequences of the viral S, Primers Puu-L1F, -M3F, and -S1F were used in the reverse transcription step. a Nucleotide position of primers is given for the (+)-strand of the respective RNA genome segments. b Nucleotide sequence identity is indicated in comparison to Hantavirus serotype Puumala strain CG18-20. M, and L RNA segments was found to be 99.32%, 98.33%, and 100%, respectively ( Table 2) .
The detection of the genomic RNA segments S, M, and L of Hantavirus serotype Puumala was repeated as described above for a freshly grown BAEC culture that was infected with the cell-free supernatant of an infected BAEC culture at the fourth cell culture passage. The results are shown in Fig.  7 . All three genome segments were detected in RNA that was extracted from infected cells and from cell-free supernatant of the infected BAEC culture. Control PCR experiments without the reverse transcription step excluded DNA contaminations of the RNA preparations.
Conclusions and outlook
Hantaviruses are distributed worldwide and infect predominantly rodents that seem to represent the major natural reservoir of this virus group. Humans can be infected primarily via dried and aerosolized, virus-containing feces, urine, and saliva of infected rodents resulting in more or less severe diseases according to the causative hantavirus serotype. The existence of hantavirus serotypes causing diseases with a very high mortality focused the attention on the natural reservoir of these viruses and on possible infection sources of humans.
Frequently domestic animals and rodents live jointly in a similar habitat. Therefore, the transmission of hantaviruses from rodents to domestic animals seem to be possible, if the target organs, tissues, and cells of the co-habitat domestic animals possess adequate virus receptors and were suitable for hantavirus entry and replication. In order to clarify this key question from the viewpoint of epidemiology, several studies were performed to identify neutralizing antibodies against hantaviruses in cats, dogs, pigs, and cattle (Danes et al., 1992; Malecki et al., 1998; Zhang et al., 1995) to get an idea of the infection risk for humans emanating from domestic animals. In all these studies, approximately 5% of examined animals showed specific antibodies against various serotypes of hantaviruses (Danes et al., 1992; Malecki et al., 1998; Zhang et al., 1995) .
In the present study, we documented that an infection of bovine aortic endothelial cells (BAEC) by Hantavirus serotype Puumala is experimentally possible. a V h 3 -Integrin that was found to be the receptor for hantavirus entry on HUVECs, human dendritic, and Vero E6 cells Mackow et al., 1999; Raftery et al., 2002) was also identified on BAEC surfaces. Future studies have to confirm whether a V h 3 -integrin is really the entry mediator for hantaviruses on BAEC. Hantavirus proteins and genomes were detectable in infected BAEC and in cell-free supernatant of infected cell cultures at different cell culture passages as well as in freshly grown BAEC cultures that were infected with the cell-free supernatant of infected BAEC cultures of the fourth passage. These data show that Hantavirus serotype Puumala is able to establish a productive infection of BAEC cultures without causing a cytopathic effect in this cell type. In regard of the presented results and the fact that a V h 3 -integrin was localized on endothelial cells of pigs, dogs, mouse, rabbit, and cattle (Mousa et al., 1999; Singh et al., 2001) , one can consequently assume that nonrodent and nonhuman species could be the target of a hantavirus infection and could represent an until now unexpected new transmission route to animals and possibly to human. The experimental infection of bovine aortic endothelial cells is of particular interest because it focuses attention on a possible hantaviral transmission by nonrodent hosts.
The environment and ecology of bovine species as new possible hosts of hantaviruses are different from rodents as the classical hosts and transmission vectors of hantaviruses. The present work represents the basis for further studies that should deal with (i) the systematic screening of domestic cattle in those geographic regions that are known for an endemic hantavirus occurrence, (ii) experimental infection studies in cattle for determining the transmission, establishing, and progress of an apparent or inapparent hantavirus infection in vivo, and (iii) the investigation of hantavirus shedding through milk, urine, and feces of infected cattle and the possibility of virus transmission to rodents, other domestic animals, and humans. The data of this work should result in detailed analyses to determine the hantavirus prevalence in those domestic animals that share common living space with rodents and humans to assess the infection risk for humans that emanates from domestic animals.
Materials and methods
Cell cultures and media
Bovine aortic endothelial cell cultures BAEC and BAECVal-L 9.2 were kindly provided by Dr. P. Nawroth, Univer- Fig. 7 . Polyacrylamide gel electrophoresis showing the results of the RT-PCR experiments performed to determine the presence of Puumala virus S, M, and L segments in a freshly grown BAEC culture that was infected with the cell-free supernatant of an infected BAEC culture at the fourth cell culture passage. Lane M: 100-bp DNA molecular marker; lanes 1, 5, and 9: RT-PCR with total infected cell RNA for detection of S, M, and L segment, respectively; lanes 2, 6, and 10: RT-PCR with RNA extracted from cell culture medium for detection of S, M, and L segment, respectively; lanes 3, 7, and 11: PCR control with total infected cell RNA (without reverse transcription step); lanes 4, 8, and 12: PCR control with RNA extracted from cell culture medium (without reverse transcription step). sity of Heidelberg (Nawroth et al., 1985) and propagated in Basal Medium Eagle (BME) supplemented with 10% fetal calf serum, 100 IEÁml À1 penicillin G, 100 IEÁml À1 streptomycin (BME-FC-10). Medium and serum were purchased from GibcoBRL (Eggenstein, Germany) as described previously (Nawroth et al., 1985) . BAEC was grown from aorta harvested from calf bovine aorta (Schwartz, 1978) . The cell culture can be passaged for a replicate life span of 35 -40 doublings and maintained a stable normal karyotype throughout this period (Schwartz, 1978) . Bovine aortic endothelial cells are morphologically characterized by contact inhibition of growth and cobblestone appearance in the monolayer. The presence of Willebrand antigen, angiotensin converting enzyme activity (Gimbrone, 1976) , and other factors of the coagulation system, for example, protein S and thrombomodulin (Stern et al., 1986) , has been reported. In addition, endothelial cell phenotype is supported by the expression of bovine factor X and Xa (Nawroth et al., 1985) .
Virus propagation
Hantavirus serotype Puumala strains CG18-20 and Sotkamo used in the study were propagated on Vero E6 cell cultures as described elsewhere (Welzel et al., 1998) .
Sera and antibodies
Antisera against recombinant nucleocapsid protein of Puumala virus strains CG18-20 and Sotkamo were induced in New Zealand white rabbits. Recombinant nucleocapsid proteins were generated as described elsewhere (Gött et al., 1991; Zöller et al., 1993) . Rabbits were inoculated subcutaneously with 100-Ag recombinant nucleocapsid protein of Puumala virus (100 AgÁml À1 ). Inoculation was repeated every 2 weeks for 4 times. Four weeks after the last inoculation, the rabbits were bled, and isolated antisera were used in immunoblot and immunofluorescence assays. The sensitivity of rabbit antisera was determined by Western blot analysis. It was found that the rabbit antisera (dilution 1:2000) raised against Puumala virus nucleocapsid protein are able to recognize 0.125-ng recombinant nucleocapsid protein of Puumala virus.
Polyclonal monospecific rabbit antibodies against Puumala virus glycoproteins G1 (70.65 kDa, amino acid residues 24 -658) and G2 (53.86 kDa, amino acid residues 659-1148) were generated using KLH-cysteine-conjugated peptides (PUU-G1-2d: 288-HGEDHDIEKNAVSA-301, PUU-G1-2dn: 288-HGEDHDIEKNAVSAMRIAGKVTGKV-312, and PUU-G2: 1143-RKEHKP-1148) corresponding to linear antigenic domains of Puumala virus glycoproteins G1 and G2. New Zealand white rabbits were inoculated subcutaneously with 500-Ag synthetic peptide. Inoculation was repeated every 2 weeks for five times. Two weeks after the last inoculation, the rabbits were bled, and isolated antisera were stored at À70jC until use.
The indirect IFA for detection of a V h 3 -integrin was performed using a mouse monoclonal antibody and visualized by FITC-conjugated anti-mouse antibody (kindly provided by Dr. T. Chavakis, University of Heidelberg).
Indirect immunofluorescence assay and confocal microscopy
Indirect IFA was performed essentially as described earlier (Ziegler et al., 2000) . Briefly, BAEC cultures were infected with Puumala virus. Cells were fixed either with 3% paraformaldehyde or with methanol. Rabbit antisera raised against the nucleocapsid protein of Puumala virus were used in a dilution of 1:500. FITC-conjugated or Texas red-X-conjugated anti-rabbit IgG F(abV )2 fragment immunoglobulin (Dianova, Hamburg, Germany) was used as secondary antibodies. Specific staining of microtubules and actin was performed using following monoclonal and polyclonal antibodies: Mab DM IA (anti-a-tubulin; Sigma, Munich, Germany) and phalloidin-FITC (anti-actin; Sigma). As secondary, antibody served a Texas red-X goat antimouse (Dianova, Hamburg, Germany). After washing with PBS, the glass cover slips were mounted on glass slides with Histogel (Linaris). The mounted cells were analyzed with a laser scanning confocal microscope (Leica, Heerbrugg, Switzerland; microscope Leitz DM IRB; scanner Leica TCS NT).
Immunoblot analysis
Confluent monolayers of cells were harvested by scraping the cells from the culture well, petri dishes, or flasks after being washed three times with PBS (pH 7.2). The final cell pellet was resuspended in distilled water. Protein concentration was measured under the standard method (Bradford, 1976) . Samples were dissolved in an equal volume of lysis buffer (0.01 M Tris -HCl, 10% glycerol, 2% SDS, 5% h-mercaptoethanol, 0.1% (w/v) bromophenol blue, pH 8), heated for 5 min at 95jC, and subjected to SDS-PAGE according to the method of Laemmli (1970) . Proteins derived from infected and transfectant cells, as well as recombinant nucleocapsid protein, were separated by SDS-PAGE and electroblotted onto nitrocellulose filters using semidry electroblotting chambers (Renner, Darmstadt, Germany) as described previously (Gött et al., 1991; Zöller et al., 1989 Zöller et al., , 1993 . Transfer efficiency was monitored by Ponceau staining (Sigma). Filters were blocked for 1 h and incubated with a 1:1000 and 1:2000 dilution of the rabbit antisera mentioned above. Alkaline phosphatase-conjugated antibodies (anti-rabbit Ig-AP, Boehringer Mannheim, Germany) were used to detect interaction of the rabbit antiserum with hantaviral protein.
The Western blot analysis for detection of the viral glycoproteins was performed using the Lumi-Light PLUS Western Blotting Kit (Mouse/Rabbit) (Roche Diagnostics, Mannheim, Germany). The viral proteins were separated by 12% polyacrylamide gel electrophoresis (3 h, 160 V) and transferred to PVDF membrane (BioRad, Hercules CA, USA) as described above. The membrane was blocked with blocking solution containing 5% nonfat dry milk at 4jC over night. Rabbit antibody raised against linear antigenic domains of Puumala virus G1 and G2 glycoproteins were used as first antibody (dilution 1:1000, 90 min, room temperature). The goat anti-rabbit IgG (H + L) was used as second antibody at the dilution of 1:2500 (Dianova, Hamburg, Germany). The staining of the membrane was carried out using ECLTM Western blotting detection reagents kit (Amersham Pharmacia Biotech, Buckinghamshire, UK). The exposition was performed by Kodak X-OMAT 1000 Processor, 2177 and Kodak X-QMAT, XAR-5.
RNA extraction
Hantavirus serotype Puumala strains CG18-20 were propagated as described elsewhere (Welzel et al., 1998) on BAEC cultures. Total cellular RNA and viral RNA in the medium were isolated using the Qiagen QIAamp Viral RNA Kit according to manufacturer's instructions. Viral RNAcontaining samples (140 Al) were subjected to RNA isolation resulting in 80-Al final volume. Two-microliters of RNA solution per reaction was screened by RT-PCR as described below.
Reverse transcription polymerase chain reaction
In order to determine the presence of specific Hantavirus serotype Puumala genomes, oligonucleotide primers were constructed according to the cDNA nucleotide sequences of the Puumala virus S segment (Acc. No. M32750), M segment (Act. No. M29979), and L segment (Acc. No. M63 194) . The properties of oligonucleotide primers used in this study are summarized in Table 2 . RT-PCR experiments were performed with the RNA PCR Kit (AMV) Ver. 2.1 (TaKaRa-Shuzo, Seta 3-4-1, Otsu, Shiga 520-2193, Japan) according to the manufacturer's instructions. The reverse transcription step was performed in 20-Al volumes containing 2-Al eluted RNA solution, 10 mM Tris -HCl (pH 8.3), 50 mM KCl, 5 mM MgCl 2 , 1 mM dNTP mixture, 100 pmol reverse oligonucleotide primer, and 5 units of AMV RT XL reverse transcriptase. cDNA production was accomplished in an automated temperature cycling reactor (GeneE, Techne, Cambridge, UK) under cycling conditions of 42jC for 5 min, 55jC for 25 min, 99jC for 5 min, and 4jC for 5 min. The PCR step was performed in 100-Al volumes using the complete RT step reaction, final concentrations of 10 mM Tris -HCl (pH 8.3), 50 mM KCl, 2.5 mM MgCl 2 , 0.2 mM dNTP mixture, 100 pmol forward oligonucleotide primer, and 2.5 units TakaRa Taq polymerase. After an initial heating step of 94jC for 3 min, 35 cycles were run in an automated temperature cycling reactor (GeneE, Techne) under cycling conditions of 94jC for 30 sec, 60jC for 30 sec, and 72jC for 2 min per cycle.
The RT-PCR products were analyzed by polyacrylamide gel electrophoresis.
For RT-PCR controls DNase I, RNase-free, and RNase, DNase-free (Roche Diagnostics, 9115 Hague Road, Indianapolis, IN 46250-0414, USA) were used. Digestion of eluted RNA samples were performed with either 1 Al DNase l DNase I (10 units) or 1 Ag RNase (500 Ag/ml) for 1 h at 37jC. DNase I was inactivated by a heating step at 65jC for 10 min. RNase preparations were purified by a threefold phenol/chloroform/isoamylalcohol extraction.
DNA sequence analysis
RT-PCR products were purified by phenol/chloroform/ isoamylalcohol extraction and sequenced using the DyeDeoxy Terminator Taq cycle sequencing technique (Ready Reaction DyeDeoxy Terminator Cycle Sequencing Kit, Applied Biosystems, Weiterstadt, Germany) and a 373A ''Extended'' DNA sequencer (Applied Biosystems) using oligonucleotide primers (Table 2) as described previously (Tidona and Darai, 1997) .
Computer-assisted sequence analysis
Nucleotide sequences were compiled using the ABI sequence navigator software version 1.2. Nucleotide and amino acid sequences were analyzed using the PC/GENE program release 6.85 (Intelligenetics Mountain View, CA, USA). Homology searches were performed with Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) .
